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The Paper Location o f  a Railway from M argaretville , N. Y.
to Schenectady, N. Y.
I .  Assumed T ra ffic .
This road is  assumed to "be an extension o f the Delaware 
and Eastern Ry. bu ild  p rin c ipa lly  for hauling coal out o f  
Pennsylvania. The t ra f f ic  is assumed to be 12,000 tons, or 
300 forty -ton  cars, da ily  east bound, and west bound the cars 
are assumed to be partly  loaded and to have an average weight 
o f 30 tons each. This re fers only to fre igh t trains a ffected  
by the ru lin g  grade.
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I I .  General Route.
Starting at M argaretville there are two possib le  routes in 
the general direction o f Schenectady, one to the north up the 
Delaware River and the other to the east up Bush K i l l .  We w il l  
designate these as the A Line and the B Line respectively . Any 
lin e  between these two would be impracticable on account o f the 
extremely heavy grades involved.
Between M argaretville  and Gilboa, where the A Line and the 
B Line come together, the two lin es  may be b r ie f ly  summarized 
as fo llow s: A Line; length 27 m iles, maximum ascending grade
0.30 per cent, maximum descending grade about 1.00 per cent, 
to ta l population o f towns passed through 1400. B Line; length  
32 m iles, maximum ascending grade 1.50 per cent, maximum descend­
ing grade 1.00 per cent, total population o f  towns passed through 
1900. The above <piantities are only approximate but are su ffic ien t  
to show that the A Line is  unquestionably more advantageous than 
I the B Line, and the la tte r  w i l l  not be discussed farther.
Considerations o f t r a f f ic  and topography both require that 
: the lin e  should fo llow  Schoharie Creek from Gilboa to Middleburg,
which is  the southern terminal o f the Schoharie Valley R.R. This
!
is  a short road which connects with the main lin e  o f the Delaware 
I and Hudson R.R. at Schoharie Junction.
Two routes are possible between Middleburg and Schenectady. 
One, which we w il l  c a ll  a continuation o f the A Line, i s  down 
Schoharie Creek and then p ractica lly  p a ra lle l to the Delaware and 
Hudson R.R. to Schenectady. This gives a maximum ascending grade 
o f about 0.45 per cent, and a maximum descending grade o f about 
1.00 per cent. The distance from Middleburg to Schenectady by
3this route is  about 32 miles and the total population o f the 
towns passed through is  about 3700. The other route (B L ine ) 
is  down Schoharie Creek, up Fox Creek, across the watershed, 
and thence, v ia  Altamont to Schenectady. The maximum ascending 
grade on this lin e  is  about 0.80 per cent and a very steep 
descending grade is  necessary ju st west o f Altamont. This grade 
would be about 2.35 per cent for 6-£ m iles but could be reduced 
by development. The to ta l population o f the towns passed through 
is  about 4,500 and the distance is  about 34 miles, provided the 
maximum grade at Altamont is  not reduced by development.
From this b r ie f  discussion i t  appears that the most advan­
tageous lin e  between M argaretville  and Schenectady would fo llow  
a general route as fo llo w s ,- from M argaretville  up the Delaware 
River p a ra lle l to the U lster and Delaware R.R. to Grand Gorge, 
thence across the watershed to Gilboa, down Bear H i l l  and Schoharie 
Creek to the Delaware and Hudson R.R., and then p a ra lle l to the 
Delaware and Hudson R.R. to Schenectady.
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I I I .  Ruling Grade.
An examination o f the general route shows that the ru lin g  
grade against east bound t r a f f ic  w il l  occur between Pox Creek 
and the summit o f the watershed between the Schoharie Valley  
and the Mohawk Valley. The distance between these two points 
is  about 9-| miles and the elevation o f the summit is  about 845 
feet above the sea leve l. The cheapest lin e , considering only 
the o rig in a l cost o f construction, would cross Fox Creek at an 
elevation o f about 620 feet, giv ing a ru lin g  grade o f 0.45 per 
cent to the summit.
Prom M argaretville  to the summit o f  the watershed between 
the Delaware River and the Schoharie Valley a p rac tica lly  uniform  
grade o f  about 0.30 per cent is  eas ily  obtained, and the ru lin g  
grade could be reduced to 0.30 per cent by means o f a cut at 
the Schoharie-Mohawk Summit and a higher crossing at Pox Creek.
West bound there is  a grade o f about 0.92 per cent which is  
about 10 miles long and is  just west o f Schenectady. I t  would 
be p ractica lly  impossible to reduce this grade but i t  could be 
operated as a pusher grade. A uniform grade from Pox Creek to 
the summit o f the Schoharie-Delaware watershed would be about 
0.55 per cent, and th is would be the ru lin g  grade west bound.
We w i l l  assume a consolidation locomotive weighing 200 tons 
(engine and tender) with 220,000 pounds on d rivers. The 
coe ffic ien t o f adhesion varies from to l/ s , so the tractive  
e ffo rt  would be about 45,000 pounds. On the 0.45 per cent 
grade, at a speed o f  12 miles an hour, the train  resistance  
would be approximately 4.4 pounds per ton and the grade resistance
would be 0.45 X 20 = 9.0 pounds per ton, making a to ta l resistance
5o f 13.4 pounds per ton. Hence the gross load that the locomotive
4500
could haul up this grade would be 13<4 = 3360 tons, and the net 
load behind the tender would be 3360 -  200 = 3160 tons, or 78 
loaded cars and a caboose.
On the return trip  the train would weigh 78 x 30 -+ 15 + 200=
2555 tons gross. The total resistance which could be overcome 
, , , 45000
would be - v g5'5 =1 7 .6  pounds. This gives an allowable grade 
resistance o f  17.6-4.4=13.2 pounds, which corresponds to a grade 
o f 0.66 per cent. Any reduction, therefore, o f  the east bound 
ru lin g  grade below 0.45 per cent would necessarily  involve a 
corresponding reduction o f the west bound ru lin g  grade below 0.66 
per cent. Two engines could handle on the 0.92 per cent pusher 
grade any train  that one engine could haul on any obtainable  
west bound ru lin g  grade.
As w i l l  be demonstrated la te r , the lin e  between the Delaware- 
: Schoharie divide and Fox Creek, which would cost the least to 
build , would involve a pusher grade for about 12 miles ju st east 
j o f the divide. Assuming the 0. 45 per cent ru lin g  grade east bound 
: there xvould be = 3.84, or say four tra ins a day which would 
* require a helper engine. The daily  mileage o f the helper would 
be 2 X 12 X 4 = 96 miles, or just about an ordinary day's work, 
i The annual cost o f a helper per mile o f in c lin e  per d a ily  train  
| helped is  usually  taken as about $240.00, so the to ta l annual cost 
i would be 4 7*240 X 12 = #11,520, or say $12,000. This cap ita lized  
at 5 per cent gives #240,000, which is  the amount that could be 
i spent to elim inate the pusher grade.
The question o f the comparative economy o f a route down 
Bear K ill  and around Pine Mountain, and a more d irect route from 
the Delaware -Schoharie Divide toward Gilboa, necessitating a
6tunnel, comes up whether or not a pusher grade is  adopted. We 
w il l  c a l l  the la t te r  the C Line. A tunnel about 1.3 miles long 
would save approximately 4 miles o f distance, and at $90 a foot 
would cost about $630,000.00. At $1.00 per train  mile $0,353 
is  the sum that can be saved per tra in  mile saved, due to reduc­
tion o f distance. To the annual saving due to train  miles saved 
must be added that portion o f annual maintenance o f way costs 
that is  independent o f tra in  mileage. This may be taken as $350.00 
per mile o f single main track. In addition to the four daily  
through trains there would probably be a loca l fre igh t and say 
three passenger trains, a to ta l o f eight daily  tra ins each way.
The annual cost per mile o f distance then would be 365 X 2 X 8 x 
$0,353 -f $350.00 = $2410.00, or approximately $10,000 for the 
four m iles. The actual train mile cost o f operation on the 
Delaware and Eastern R.R. in 1909 was $1.25 + . and at th is rate  
the to ta l annual saving would be $10,000 x 1.25 = $12,500. This 
cap ita lized  at 5 per cent amounts to $250,000. To this must be 
added the cost o f construction. Around Pine Mountain the road  
would apparently fo llow  the natural ground surface rather c losely , 
and the slope o f the h i l ls id e  averages about 5 to 1. I f  we 
assume a roadbed 24 feet wide in cuts and 18 feet on f i l l s ,  with  
side slopes o f 1 to 1 and 1% to 1 respectively , then the excava­
tion w i l l  average about 10,000 cubic yards per mile. I t  is  very 
d if f ic u lt  to do more than guess at the m aterial, but judging by 
the slope o f the ground, i t  is  probably earth and loose rock, with 
a comparatively small amount o f so lid  rock, and probably an estimate 
o f 40 cents per cubic yard would be a f a i r  average cost. . At this 
rate  the roadbed \vould cost $4,000 per mile. Land cannot be very 
valuable on this mountainside, but at $50 an acre i t  would be $600
7per mile. We w il l  estimate c learing and grubbing at #600, tie s  
#1800, r a i l s  #5,000, track fastenings #800, b a lla st  #1000, track 
lay ing  and surfacing #1000, fencing #100, telegraph lin e  #100, 
engineering #1500, culverts #800. Total #17,300, or say #20,000, 
making #80,000 for the 4 m iles.
A short tunnel is  necessary on this lin e  a lso , at the 
southern point o f Pine Mountain. This tunnel would be 1760 feet  
long, and at #90 a foot would cost #158,400. Adding th is amount 
to the #80,000 we have a to ta l cost o f #238,490.
The total saving then due to the reduction o f the distance 
by 4 miles would be #250,000 + $238,430 = #488,400, and even i f  
the estimated construction cost o f #20,000 per mile is  doubled, 
the greater economy o f  the lin e  around the mountain is  s t i l l
evident. Another factor in the discussion is  that the c Line 
would necessitate about 8 miles o f very heavy construction between 
Giiboa and Norift Blenheim, while the other route follows fa i r ly  
close to the natural ground surface.
A uniform grade from the Delaware—Schoharie Divide to a 
Schoharie Creek crossing about h a lf  way between the towns o f  
Middleburg and Schoharie would be about 0.58 or 0.59 per cent.
This route would increase the distance about 2 miles and would 
require 5 steel viaducts from 100 to 200 fee t high and from 600 
to 2000 feet in length. The cost, o f the additional distance, as 
computed above, would be 2 X #82,000 = #164,000, and the viaducts 
would average over $100,000 each, making the total added cost o f  
this line  about three times the cost o f  the pusher grade. The 
viaducts might be avoided by development up the la te ra l va lley s  
but th is would introduce several miles o f  additional distance and 
much sharp curvature.
8As shown above, any west bound grade heavier than 0.66 per 
cent becomes a ru lin g  grade when the operation o f the road in  
both directions is  considered. I t  is  impossible to get a max­
imum grade o f le ss  than 0.66 per cent which w i l l  not cost muchi
more than the pusher grade, and a maximum grade o f over 0.66 per 
cent involves not only more expensive construction and the cost 
o f additional distance, but also an added expense o f  operation 
due to the increase in ru lin g  grade.
How much can we a fford  to increase the ru ling grade for the
saKe o f elim inating the pusher grade? We have 4 daily  tra ins to
haul 300 cars, or 75 cars per tra in . The capacity o f the engine
on the 0.66 per cent grade is  78 cars, so the ru lin g  grade can be
increased s ligh tly  without appreciable increase in cost. The gross
load is  75 X 30 4- 15 +  200 = 2465 tons. The to ta l resistance which
45000
could be overcome i s — 24§5 = 13.2 pounds. This gives an allowable  
grade resistance o f 18.2 -  4.4 =1 3 .8  pounds, corresponding to a 
grade o f  0.69 per cent. Any increase above th is grade would 
necessitate another tra in , which would cost much more than a 
helper engine. Therefore a lin e  with a maximum grade o f  0.69 per 
cent w il l  be more economical than a more d irect lin e  using a 
pusher grade, provided i t  can be constructed at an increased 
expense o f less  than $240,000 over that o f the lin e  with the 
pusher grade, stepping o f f  a 0.69 per cent lin e  on the map with 
d ividers shows that i t  would in a l l  p robab ility  be within h a lf  a 
mile o f the length o f the 0.59 per cent lin e , so that the most 
economical lin e  is  evidently one having a pusher grade.
The gross load west bound is  2555 tons and on the pusher 
grade i t  would be 2755 tons. The total traction o f the two
9locomotives would be 2 X 45000 -  lOfo 81,000 pounds, which is  to 
be equaled by the sum o f  the train  resistance and the grade re s is ­
tance on the pusher grade. I f  X is  the rate  o f this grade, then 
(20X 4- 4 .4 ) 2755 = 81,000, and X = 1.25 per cent.
As i t  is  easy to get a ligh ter grade than 1.25 per cent fo r  
the pusher, the 0.45 per cent grade between Pox Creek and the 
Schoharie-Mohawk Divide is  the ru ling grade for the lin e , consider­
ing operation in both directions.
Professor Raymond, in his Railroad engineering, says,"Assuming 
that the cars are started one at a time u n til a speed o f 1 mile an 
hour has been reached, or un til the train resistance has dropped 
to 10 pounds per ton, the excess resistance over that o f, say, 10 
miles an hour on the ru lin g  grade, is  approximately 6 pounds per 
ton, or the resistance o f a 0.3 per cent grade. Assuming that 
the train may be started at the slower rate  given above ( i . e . ,  an
j acceleration from rest to 20 miles an hour in 4000 f t ) at lea st at
: the beginning, while the train resistance is  high, the tota l 
added grade due to high resistance and acceleration is  0.65 per
cent. This discussion indicates * * * *  the fu t i l i t y  o f spending 
money to secure ru lin g  grades o f le ss  than about 0.35 to 0.40 
per cent, except fo r handling fa s t  trains, and unless a l l  maximum 
trains may always be started  by the a id  o f pushers or on a descent,
I conditions not lik e ly  to obtain ."
We w i l l  consider f i r s t  the reduction o f the 0.45 ner centI
: grade to 0.35 per cent. On the 0.35 per cent grade the grade 
resistance would be 0.35 X 20 = 7.0 pounds per ton, and this added 
to the train  resistance o f 4.4 pounds gives a to ta l resistance o f  
11.4 pounds per ton. The gross load possib le  for a locomotive 
would be f 5Cr  = 3950 tons, and the net load behind the tender11.4
would be 3950 -  200 = 3750 tons, or 93 loaded cars and a caboose.
I f  we assume a constant t r a f f ic  o f 300 cars a day then the 
grade would have to be reduced to 0.31 per cent in order to reduce 
the number o f  daily  trains from 4 to 3, but in practice the t ra f f ic  
w il l  vary somewhat, and 3 regu lar trains and an occasional extra  
can be run. Therefore we may consider that there would be
x 4-~-  = 3.21 daily  through tra in s on the 0.35 per cent grade,
10
3750 -  15
the 15 tons subtracted from the net load being the weight o f the 
caboose. The saving would be 0.79 daily  tra ins. The ra tio  between 
the cost o f fre igh t train  miles and passenger train miles is  
probably about 8 to 5, and a road which has an average train mile 
cost o f $1.25 probably has an average fre igh t tra in  mile cost o f  
about $1,43, according to Professor Raymond. The da ily  saving in 
train  mileage then is  78 X 0.79 X 2 = 123.24. About 0.45 per cent 
o f the cost o f these train miles is  saved, or 0.45 X $1.43=40.644 
per train  m ile. The annual saving then is  apparently 123.24 X 
365 X $0,644 = $28,968.79. The re a l saving is  not quite as much 
as th is due to the added expense o f operating the heavier trains 
on the lower grade. This added expense is  very hard to compute, 
even when the data on train  mile costs is  taken from actual operat­
ing expenses on the d iv is ion  in question, and fo r  a projected lin e  
i t  is  p rac tica lly  impossible to more than guess at i t .  In this 
case we w il l  take the net annual saving to be $22,000. This, 
cap ita lized  at 5 per cent is  $440,000 and is  the amount which can 
be spent to reduce the ru lin g  grade from 0.45 per cent to 0.35 percertt 
This grade could be obtained by means o f a cut at the summit 
about 2 miles long and with an average depth o f  about 10 fee t. This
cut would contain about 135,000 cubic yards, which at 40 cents a 
yard would cost $54,000 for excavation. This would give us a
lin e  on which the weight o f  the trains would he lim ited not by 
the grades but by the load which a locomotive can start on a leve l 
track.
However, we w il l  consider the 0.35 per cent ascent as a 
ru lin g  grade and compute the corresponding pusher grade. The gross 
load on the pusher grade is  now 93 cars o f .30 tons each, a 15 ton 
caboose, and 2 locomotives, making a total o f 93 X SO 4 15 + S X 
200 = 3205 tons. Letting X = the pusher grade, ( 20X + 4 .4 ) 3205= 
81,000, from which X = 1.04 per cent. To obtain this grade the 
lin e  must go down the west side o f Schoharie Creek most o f the 
way between Gilboa and North Blenheim, necessitating heavy con­
struction a l l  along and including three f i l l s  about 100 feet high 
and aggregating about \ mile in length. These would require about 
125,000 cubic yards o f m aterial and three very large  culverts. 
#50,000  is  a very conservative estimate o f the additional cost o f  
putting the lin e  on the west side o f the creek instead o f the 
east side.
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I t  is  doubtful that a 0.35 per cent grade is  re a lly  any more 
economical than a 0.40 per cent grade, fo r a locomotive can usually  
haul up a 0.40 per cent grade any load that i t  can start on a lev5el 
track. Hence i t  is  very lik e ly  that the theoretical load computed 
for the 0.35 per cent grade would have to be reduced in practice .
I f  we asstime a 0.40 per cent ru lin g  grade the load would be 
45.000
4 4*4-0 *4X20 = 3630 tons> gross and 3430 tons net. This would be 
a tra in  o f 85 cars and a caboose, and west bound i t  would weigh 
85 X 30 + 15 = 2565 tons. Letting X= the corresponding pusher 
grade, as before, ( 20X + 4.4)(2565 + 2 X 200) = 81,000. and X = 
1.14 per cent. With this grade the line  could cross Schoharie
j
12
Creek at Gilboa, thus avoiding the heavy construction necessary 
on the west side, the pusher grade would be about a mile shorter, 
and the excavation at the Schoharie—Mohawk Divide would be 
p rac tica lly  eliminated.
These defin ite  advantages more than o ffse t the rather ques­
tionable advantage o f a reduction o f the ru lin g  grade below 0.40 
per cent, and th is grade w i l l  be adopted.
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IV. Curvature.
Having decided upon a ru lin g  grade the next economic question 
to be considered is  the elimination o f curvature. Ordinarily we 
would take up f i r s t  the consideration o f  r is e  and f a l l ,  but the 
topography in  this case is  such that the r is e  and f a l l  is  a l l  
included in the subject o f  ru ling grade, and cannot be considered 
separately.
Assuming a 6 foot wheel base, the resistance due to curvatiire 
is  0.4 4 0.420 D pounds per ton, where D is  the degree o f curve.
At $1.25 per tra in  mile the annual cost o f curvature per train  
degree is  usually  determined from the formula $0,444 . in
this formula the $0.44 is  the cost o f  operation and the second 
term is  the maintenance cost divided by the number o f  d a ily  trains. 
With 8 daily  trains each way the annual cost per degree o f curva-
<j» *z gy
ture is  8($0.44 4 — ) =  $7.19, and this amount cap ita lized  at
5 \<f0 gives $144.00, which can be spent to eliminate one degree o f  
curvature.
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V. Exact Location.
The exact location o f  the line  is  naturally  divided into 
fiv e  sections, each involving problems somewhat d iffe ren t from 
those presented by the other sections. These fiv e  sections are 
the ascent from M argaretville  to the Delaware-Schoharie watershed, 
the pusher grade on the eastern slope o f this d ivide, the com­
paratively  leve l stretch from the foot o f the pusher grade to 
Fox Creek, the 0.40 per cent ru lin g  grade from Fox Creek to the 
Schoharie-MohawK watershed, and the descent from there to 
Schenectady.
When fo llow ing a r iv e r a ra ilro ad  must o f course be above 
the water leve l at a l l  points. A uniform grade o f 0.26 per cent 
between M argaretville and the f i r s t  summit would be below the 
water leve l at H a lco ttsv ille , 5- 3 / 8  miles east o f M argaretville, 
so the rate o f grade must be increased to this point. Allowing 
; 2000 feet, o f  leve l track east from the M argaretville  station  for 
starting  maximum trains, a grade o f 0.32 per cent fo r 5 miles must 
be adopted. From there to the summit a 0.28 per cent grade is  
obtainable, with 2000 feet o f le v e l grade at the H a lco ttsv ille  
and Roxbury stations. The summit is  at Mile 18.
Without compensation the curve resistance on the 0.32 per cent 
grade must not exceed 1.6 pounds per ton, or we would have a v irtu a l  
ru lin g  grade exceeding 0.40 per cent. I f  X = the maximum degree 
o f curve allowable without compensation, then 0.4 4 Q.420X = 1 .6 ,  
from which X = 2.86° 4, or 2°50'. The resistance o f  a 3° curve 
is  0.4 4 0.42 X 3 = 1.66 pounds per ton, so that theoretica lly  the 
use o f 3 ° curves on the 0.32 per cent grade without compensation 
would give a v irtu a l grade o f 0.403 per cent, exceeding the ru lin g
grade by 0.003 per cent, but our data for computing resistances  
is  not su ffic ien tly  exact to warrant our assuming that this would
be the resu lt, and 3° curves w il l  be used as a maximum without 
compensation.
Between M argaretville and Kelly Corners, a distance o f 3|- 
miles, the lin e  most nearly conforming to the natural ground 
surface on the required grade would contain about 170° o f curvature, 
while the straigh test practicable lin e  between these points would 
contain about 44°, elim inating 126°. to do this we would be 
ju s t i f ie d  in spending 126 x $144 = $18,000+. The extra expense 
actually involved is  due to a 60 foot cut a mile east o f  Margaret­
v i l l e  and to three extra crossings o f a small stream. The cut 
would contain about 175,000 cubic yards, which at 40 cents per 
yard would cost $70,000, or nearly four times the saving from the 
elim ination o f the 126* o f curvature. The best lin e  through here 
is  apparently one which requires very l i t t l e  earthwork and contains 
144° o f curvature. The computations made at each place where 
there is  a question o f the economy o f the elim ination o f curvature 
w ill  not be taken up in this discussion, but the computation given 
above is  i l lu s t ra t iv e  o f the method used.
The second section o f the lin e  i s  the descent from the 
Delaware-Schoharie Divide at Mile 18 to Pox Creek. As this is  a 
pusher grade o f 1.14 per cent i t  is  also a ru lin g  grade and so 
must be compensated for curvature. This w il l  be done on the 
fo llow ing b a s is , -  fo r 1° curves 0.04 per cent, 2° to 4° -  0.03 
per cent per degree, 5° and over ~ 0.025 per cent per degree. As 
the Grand Gorge station is  at the summit no grade reduction is  
necessary for that.
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On th is descending grade two routes are possib le . One goes 
d irectly  northeastward from the summit, passes about a quarter o f  
a mile south o f  the town o f Grand Gorge, and crosses Bear K il l  
at Mile 20 -l/s. The other route fo llow s the U lster and Delaware 
R.R. for about a m ile, turning to the northwest, then doubling 
back to the southeast on the north bank o f  Bear K il l .  This lin e  
is  1-3/8 miles longer than the more d irect line  and has 350° more 
o f curvature. In discussing the tunnel route near this point we 
computed the cost o f a mile o f distance to be about $82,000 ; 
including construction ar.d cap ita lized  annual cost o f operation.
At th is rate the cost o f the I - 3/8  m iles is  $113,000, and at $144 
per degree, the cost o f the extra curvature is  #5 0 , 5 0 0 , making 
the total added cost fo r distance and curvature #163,500.
On the f i r s t  line, however, at the Bear K i l l  crossing, a 
viaduct over 2000 feet long and 120 feet high in the center, with 
an average height o f  about 60 fee t, is  required and th is alone
i;
would cost more than the added expense o f  the longer lin e . The
I:
shorter lin e  could not cross Schoharie Creek at Gilboa and so 
would require several miles o f very heavy work on the west side  
o f the Creek below Gilboa.
The foot o f the pusher grade is  at Mile 30f.
The Gross load west bound, with one locomotive, is  2765 tons, 
as previously computed. To find the maximum grade up which th is  
load can be hauled by the one engine we w i l l  le t  X = the unknown 
grade as before. Then (20X -f 4 .4 ) 2765 = 45,000 and X =0 .5 9  
per cent, which is  the west bound ru lin g  grade corresponding to 
the 0.40 per cent ru lin g  grade east bound. Hence this is  made the 
maximum grade between the foot o f the pusher grade at Mile 30-f
___________________________________________________________________________________________________,
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and the foot o f the 0.40 per cent grade at Fox Creek, Mile 52-l/8. 
The minor grades used between these two points are shown on the 
p ro file .
The lin e  as located is leve l for about 6 miles ju st west o f  
Fox Creek and the crossing is  made at an elevation o f 648.99 feet. 
A somewhat cheaper crossing could be made about a mile below, 
where the ground elevation is  600 fee t, but this ?rould increase 
the ru ling  grade above 0.40 per cent and would involve changes 
a l l  along the lin e .
The summit is  reached at Mile 62 and from there to the top 
o f the second pusher grade, at Mile 65, a -0.1745 per cent grade 
fo llow s the ground surface c lose ly . The Delaware and Hudson R.R. 
is  crossed at grade just below the Delanson yards o f  that road.
From Mile 65 to Mile 74 the grade is  -0 .92  per cent so 
that no compensation fo r curvature is  necessary. There is  about 
h a lf  a mile o f leve l grade east o f Mile 74 and the re st o f the 
descent is  made on the 1.14 per cent ru lin g  grade except 5 /8  o f  
ia mile o f leve l grade near Mile 76. The la s t  5 / 8  mile o f the lin e  
is  leve l and the terminal station  at Schenectady is  assumed to 
be at Mile 78.
18
VI. Estimate o f Cost.
Right o f way (100 f t .  wide plus ■§■ acre per mile fo r  
stations, yards, etc. ) 77 miles = 971.74 acres @ $100
Terminal grounds in Schenectady, 250  acres @ $1000 
Clearing and grubbing, 1221.74 acres & $50 
Earthwork, 1,692,500 cu.yd. & cu.yd.
Track (Main lin e , 100 lb . r a i l s )
Rails -  12,260 tons & $30 per ton $367,800 
Angle bars, 2,121,600 lb . @ 1.35^ lb . 28,642 
Bolts and lo ck s ,144,000 lb .®  2 .4 0  lb . 3,456 
Spikes, 534,000 lb . @1.75^ lb . 9,350
Ties, 249,600 @ 500 each 124,800
Tracklaying, 78 miles & $400 per mile 31,200 
Sidings and yards, 25fo o f above 
B a llast, 244,000 cu.yd. ® $1.00 in place  
! Track and yard signs ® $10.00 per mile 
Fencing @ $300 per mile 
: Telegraph @ $200 per mile 
■ Block Signals @ $2000 per mile 
Water Supply @ $400 per mile 
Road crossings @ $25 per mile 
Cattle guards ® $50 per mile 
Small bridges and culverts @ $2000 per mile 
Bridges-
Schoharie Creek (M ile 27) 500 ft.X  30 f t . $25,000 
Fox Creek (M ile 52) 2000 ft.X  40 f t .  40,000
(200 f t .  steel bridge $15,000 and 1800 f t .  timber 
$25,000 )
per acre 
$97,174
250.000 
61,087
677.000
565,248
141,312
244.000 
780
23,400
15,600
156.000 
31,200
1,950
3,900
156,000
65,000 
tre st le
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Tunnel at Mile 23, -  1760 ft .  @ #90 f t .  #158,400
Stations-
11 stations @ #800 each #8,800
3 " 1500 " 4,500
4 " 2000 M 8, 000
1 " 75000 75,000 96,300
Section houses, 8 @ #1500 each 12,000
Round houses, terminal bu ild ings,etc . 60,000
Equipment- 250,000
Engineering @ #500 per mile 39,000
Legal and general expenses @ #200 per mile 15,600
In terest during construction, 5^ 156,049
Total #3,277,000
20
VII. Estimate o f P ro fits
The gross tonnage east hound was assumed to be 300 cars 
per day, which would be 300 X 25 =  7,500 tons o f f r e i ^ t ,  mostly 
coal. The average ton mile rate  on anthracite coal in 1910 was 
0.589 cents, so the revenue on the 7,500 tons would be 7,500 x 
78 X .589^ =$3445.65. West bound the tonnage was assumed to be 
h a lf  o f this amount but the average rate would probably be 
higher, say about 1.0 cents, so the daily  revenue would be 
3,750 X 78 X 1.0^ = $2925. The revenue from loca l fre igh t would 
probably be about 15 per cent o f the revenue from through fre igh t  
or 0.15 ($3446 4 $2925) =$956. The annual fre igh t revenue then 
would be 365 ($3446 4 $2925 4 $956 ) = $2,674,355.
In 1910 the fre igh t revenue o f the ra ilroads in the United
States averaged 70 per cent o f the to ta l revenue, and at th is
rate the to ta l annual revenue o f th is proposed lin e  would be 
10
—  X $2,674,355 = $3,820,507, The net income o f the roads in 
Group I I  averages about 21 per cent o f the gross operating 
revenue, and talcing this ra t io  the net income o f th is road would 
be 0.21 X $3,320,507 = $802,3064 .
21
V III .  conclusion
The estimated cost o f  this road is  #3,277,000 and the 
estimated net annual income is  #302,306, which is  a return o f  
nearly 25 per cent on the investment. Of course the annual 
income is  based upon an a rb it ra r ily  assumed volume o f t r a f f ic ,  
but even i f  the actual p ro fits  proved to be only one-third o f  
the amount estimated, the road would s t i l l  y ie ld  a good income. 
Since the most conservative estimates indicate that this road 
would be a p ro fitab le  enterprise i t  should be b u ilt .
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